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Background of the Invention 

Field of the Invention 

[0001] The present invention relates generally to the field of chemical analysis. 
More particularly, it concerns tag reagents for sensitive, high throughput detection and 
analysis of target molecules. 

Description of the Related Art 

[0002] Chemical labels, otherwise known as tags or signal groups, are widely 
used in chemical analysis. Among the types of molecules used are radioactive atoms, 
fluorescent reagents, luminescent reagents, metal-containing compounds, electron-absorbing 
substances and light absorbing compounds. A number of different types of molecules have 
been used as tags that can be differentiated under mass spectrometry. Chemical signal groups 
can be combined with reactivity groups so that they might be covalently attached to the 
target, the substance being detected. 

[0003] However, current detection probes do not adequately allow highly 
multiplex detection and analysis of molecules. Microarrays can analyze the expression 
profiles of thousands of genes, but researchers can typically handle only one or two samples 
on a single microarray chip or slide because their fluorescent or luminescent detection 
systems have very limited multiplex capability. In addition to the added costs caused by the 
necessary use of multiple chips or slides, the limited analytical capacity of existing methods 
makes it difficult to replicate microarray experiments and/or compare data among samples. 
Moreover, while many other applications and assays have been developed using microplate 
formats, the use of current multiplex methods and devices limit the number of the samples 
that can be used in each well. Using current methods and devices of multiplex analysis of 
molecules requires multiple wells and/or plates for higher throughput and reproducible data. 

Summary of the Invention 

[0004] Embodiments of the present invention to provide compositions and 
methods relating to the use of release tag compounds for detection and analysis of target 
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molecules, which increase signal intensity of molecular probes and allows for sensitive, high- 
throughput multiplex analysis. Liposome embodiments preferably contain a plurality mass 
tag molecules, ranging in number from 1 to 2 x 10 8 which provides stronger signaling and 
allows for highly sensitive multiplex analysis of molecules. Other embodiments can contain 
many orders of magnitude more mass tag molecules. For example, a solid particle having a 
diameter of 0.5 um can contain up to 2 x 10 10 mass tag molecules. Still other embodiments 
can have as high as possible depending the size of the embodiments and the density of the 
mass tag molecules, but ordinarily there are less than 1 x 10 20 , and more preferably less than 
1 x 10 15 molecules. 

[0005] Preferred embodiments comprise detection probes utilizing vesicles to 
retain multiple mass tag molecules, which are molecules with a specific molecular mass (or 
mobility) detectable by mass spectrometry, electrophoresis, chromatography or other 
analytical methods known to those skilled in the art. Embodiments include, but are not 
limited to, encapsulation vesicles, uni-lamellar vesicles, and multi-lamellar vesicles. The 
various vesicles preferably comprise' liposomes, which preferably comprise a plurality of 
phospholipids. In certain embodiments, the mass tag molecules can be attached to the 
phospholipids themselves. Other molecules, such as cholesterol or other hydrophobic 
molecules, also can be entrapped in the lipid bilayer through hydrophobic interaction as mass 
tag molecules. 

[0006] Further embodiments of the present invention comprise various carriers of 
mass tag molecules, including, but not limited to: emulsion, soluble beads, soluble capsules, 
and soluble porous beads. 

[0007] Embodiments of the present invention can be used with various analytical 
methods and systems, including, but not limited to: hybridization assays, multiplex 
microarray assays, multiplex immunoassays, multiplex hybridization assays, multiplex CpG 
methylation assays, capillary assays, mass spectrometry, electrophoresis, and other analytical 
methods and systems known to those skilled in the art. 

Brief Description of the Drawings 
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[0008] FIGs 1A-1C are schematic representations of various types of mass tag- 
containing vesicles. 

[0009] FIG 2 is a graph showing hybridization assay results for various vesicle 

types. 

[0010] FIG 3 is a schematic depiction of a multiplex microarray process with 
mass tag molecules. 

[0011] FIG 4 is a schematic depiction of a multiplex immunoassay with mass tag 
molecules. 

[0012] FIG 5 is a schematic depiction of a multiplex hybridization with mass tag 
molecules. 

[0013] FIG 6 is a schematic depiction of a capillary assay with mass tag 
molecules. 

Detailed Description of the Preferred Embodiment 
[0014] Embodiments of the present invention comprise detection probes utilizing 
various forms of vesicles to retain multiple mass tag molecules. Mass tag molecules are 
disclosed in U.S. patent number 6,635,452, which is hereby incorporated in its entirety by 
reference. Mass tag molecules of the present invention comprise molecules with a specific 
molecular mass or mobility detectable by various analytical methods and systems including, 
but not limited to: hybridization assays, multiplex microarray assays, multiplex 
immunoassays, multiplex hybridization assays, multiplex CpG methylation assays, capillary 
assays, mass spectrometry, electrophoresis, and other analytical methods known to those 
skilled in the art. 

[0015] The embodiment illustrated in FIG 1A shows a detection probe 20 
comprising an encapsulation vesicle 22 having at least one mass tag molecule 24 preferably 
located within the vesicle 22. The vesicle preferably comprises at least one interaction site 
26 on its surface. The vesicle encapsulates at least one mass tag molecule 24 with a specific 
molecular mass. 

[0016] The embodiment illustrated in FIG IB shows a detection probe 30 
comprising a uni-lamellar vesicle 32. The membrane 38 of the vesicle 32 preferably 
comprises mass tag molecules 34 with a specific molecular mass. Further embodiments of 
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the uni-lamellar vesicles 32 comprise at least one mass tag molecule 34 preferably located 
within the uni-lamellar vesicle 32. The mass tags 34 located within the vesicle 32 are 
preferably the same type of mass tags 34 as those comprising the membrane 38. The vesicle 
preferably comprises at least one interaction site 36 on its surface. 

[0017] FIG 1C shows another preferred embodiment of the present invention 
which comprises a detection probe 40, further comprising a multi-lamellar vesicle 42. The 
membrane 48 of the vesicle preferably comprises mass tag molecules 44 with a specific 
molecular mass. Further embodiments of the uni-lamellar vesicles 42 comprise at least one 
mass tag molecule 44 preferably located within the uni-lamellar vesicle 42. The vesicle 42 
preferably encapsulates at least one smaller vesicle 49 which preferably contains the same 
type of mass tags 44 as those comprising the membrane 48. The mass tags 44 located within 
the vesicle 42 are preferably the same type of mass tags 44 as those comprising the 
membrane 48. The vesicle 42 preferably comprises at least one interaction site 46 on its 
surface. 

[0018] Embodiments of the detection probes 20, 30, and 40 of FIGs 1 A- 1 C utilize 
vesicles comprising liposomes, which can carry and release mass tag molecules. In order to 
release the mass tag molecules for detection, these carriers are preferably easily disrupted by 
physical stimulation, including but not limited to: heat, centrifugation, laser irradiation, 
sonication, electricity, evaporation, freeze-thaw process, or other methods known to those 
skilled in the art. Disruption may also be preferably achieved by chemical stimulation 
including, but not limited to: addition of organic solvent, detergent, acid, alkaline, enzyme, 
chaotropic reagents (urea, guanidium chloride, etc.), change of buffer, change of salt, change 
of concentration, change of pH, change of osmotic pressure, and other methods known to 
those skilled in the art. 

[0019] In preferred embodiments, the probes 20, 30, and 40 have interaction sites 
26, 36, and 46 on their outer surface comprising chemical residues, polynucleotides, proteins, 
peptides, carbohydrate or other small compounds known to those skilled of the art. In 
preferred embodiments, the molecules of the interaction sites 26, 36, and 46 are immobilized. 
The interaction sites 26, 36, and 46 of the probes 20, 30, and 40 can preferably be used to 
analyze various intermolecular interactions such as nucleotide-nucleotide interactions 
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(hybridization), antigen-antibody interactions (immunoassay), protein-protein interactions, 
small compound-protein interactions, small compound-cell interactions, and other 
interactions known to those skilled in the art. 

[0020] As defined herein, the term "interactive site" refers to a group capable of 
reacting with the molecule whose presence is to be detected. For example, the interactive site 
may be a biomolecule capable of specific molecular recognition. Biomolecules capable of 
specific molecular recognition may typically be any molecule capable of specific binding 
interactions with unique molecules or classes of molecules, such as peptides, proteins, 
polynucleic acids, carbohydrate, and other chemical molecules, etc. 

[0021] Thus, interactive sites disclosed herein for use with the disclosed methods 
encompass polypeptides and polynucleic acids. As used herein, polypeptides refer to 
molecules containing more than one amino acid (which include native and non-native amino 
acid monomers). Thus, polypeptides includes peptides comprising 2 or more amino acids; 
native proteins; enzymes; gene products; antibodies; protein conjugates; mutant or 
polymorphic polypeptides; post-translationally modified proteins; genetically engineered 
gene products including products of chemical synthesis, in vitro translation, cell-based 
expression systems, including fast evolution systems involving vector shuffling, random or 
directed mutagenesis, and peptide sequence randomization. In preferred embodiments 
polypeptides may be oligopeptides, antibodies, enzymes, receptors, regulatory proteins, 
nucleic acid-binding proteins, hormones, or protein product of a display method, such as a 
phage display method or a bacterial display method. More preferred polypeptide interactive 
sites are antibodies and enzymes. As used herein, the phrase "product of a display method" 
refers to any polypeptide resulting from the performance of a display method which are well 
known in the art. It is contemplated that any display method known in the art may be used to 
produce the polypeptides for use in conjunction with the present invention. 

[0022] Similarly, "polynucleic acids" refer to molecules containing more than one 
nucleic acid. Polynucleic acids include lengths of 2 or more nucleotide monomers and 
encompass nucleic acids, oligonucleotides, oligos, polynucleotides, DNA, genomic DNA, 
mitochondrial DNA (mtDNA), copy DNA (cDNA), bacterial DNA, viral DNA, viral RNA, 
RNA, message RNA (mRNA), transfer RNA (tRNA), ribosomal RNA (rRNA), catalytic 
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RNA, clones, plasmids, Ml 3, PI, cosmid, bacteria artificial chromosome (BAC), yeast 
artificial chromosome (YAC), amplified nucleic acid, amplicon, PCR product and other types 
of amplified nucleic acid. In preferred embodiments, the polynucleic acid may be an 
oligonucleotide. 

[0023] Additional embodiments of detection probes of the present invention 
include emulsions. Particularly preferred embodiments comprise oil/water (O/W) emulsions, 
water/oil/water (W/O/W) emulsions, and solid/oil/water (S/O/W) emulsions, which comprise 
vesicles with interactive sites on their outer surfaces. The mass tag molecules are preferably 
encapsulated in the vesicles. In alternative embodiments, the detergents, which comprise the 
interface between oil and water or oil and solid phases, works as a mass tag. 

[0024] Additional embodiments of detection probes of the present invention 
include soluble bead probes, which comprise beads with interactive sites on their outer 
surface. The beads preferably comprise a material that can become soluble upon physical or 
chemical stimulation. The mass tag molecules are preferably solidified with the material. In 
alternative embodiments, the bead material can preferably work as a mass tag. 

[0025] Further embodiments of detection probes comprise soluble capsules 
comprising interactive sites on their surface. The capsules preferably comprise a material 
that becomes soluble upon physical or chemical stimulation. In order to release the mass tag 
molecules for detection, these carriers are preferably easily disrupted by physical stimulation, 
including but not limited to: heat, centrifugation, laser irradiation, sonication, electricity, 
evaporation, freeze-thaw process, or other methods known to those skilled in the art. 
Disruption may also be preferably achieved by chemical stimulation including, but not 
limited to: addition of organic solvent, detergent, acid, alkaline, enzyme, chaotropic reagents 
(urea, guanidium chloride, etc.), change of buffer, change of salt, change of concentration, 
change of pH, change of osmotic pressure, and other methods known to those skilled in the 
art. The mass tag molecules are preferably encapsulated within the soluble capsule. In 
alternative embodiments, the bead material can preferably work as a mass tag. 

[0026] Additional embodiments of detection probes of the present invention 
include soluble porous bead probes, which comprise beads with interactive sites on their 
outer surface. The beads preferably comprise multiple probes, which can preferably be filled 
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or covered with a material that can become soluble upon physical or chemical stimulation. 
The mass tag molecules are preferably incorporated into the pores. In alternative 
embodiments, the bead material can preferably work as a mass tag. 

[0027] The soluble bead probes, soluble capsule probes, and soluble porous bead 
probes preferably utilize a material that changes its solubility or shape upon physical (heat, 
centrifugation, laser irradiation, sonication, electricity, evaporation, freeze-thaw process, etc.) 
or chemical stimulation (addition of organic solvent, detergent, acid, alkaline, enzyme, 
chaotropic reagent (urea, guanidium chloride, etc.), change of buffer / salt concentration, pH, 
osmotic pressure, etc.). These materials works as "mass tag", or "mass tag" can be solidified, 
polymerized or encapsulated with them. 

[0028] For example, beads or capsules made of nucleotides, peptides, saccharides 
or polymers can preferably become soluble by degrading these components by enzymatic or 
chemical reactions, or can be deformed by other means of physical or chemical stimulation. 
Probes made of sol-gel material (collagen, agarose, pectin, etc.) are also preferably deformed 
through sol-gel transformation upon heating, pH change or other forms of stimulation known 
to those skilled in the art. Dendrimer, sugar balls, or other forms of drug delivery carriers can 
also be preferably utilized for multiplex probes as such materials can typically release 
incorporated mass tag molecules upon stimulation. 

[0029] The use of mass tag molecules in various embodiments of the present 
invention allows highly multiplexed assays because the mass tag molecules can be identified 
by their molecular mass and various analytical methods as mentioned above. Analytical 
methods, including but not limited to mass spectrometry, can detect even one-mass 
differences. For example, sixty-three fluorescent dyes of Table 1 (below) and twenty-two 
phospholipids of Table 2 (below) have at least five mass differences between each other, so 
they can be identified and quantified by mass spectrometry simultaneously. 
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Table 1 . Fluorescent Dyes (cited from Synthegen Catalog) 
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Table 2. l,2-Diacyl-sn-Glycero-3-Phosphocholine Saturated Series 
(Symmetric Fatty Acid) (cited from Avanti Polar Lipid Catalog) 



[0030] The molecules of Tables 1 and 2 can be used as mass tags in the vesicle or 
vesicle components, respectively. If more probes are necessary, polynucleotides or peptides 
with different sequences can be utilized as mass tags or attached to mass tags because the 
combination of four nucleotides or twenty-one amino acids with different molecular mass can 
constitute hundreds of molecules with different molecular weights. This idea can be 
expanded to combinatorial chemistry, so hundreds, thousands, or millions of "mass tag" 
molecules can be prepared. 

[0031] In some embodiments, the mass label may generally be any compound that 
may be detected by mass spectrometry. In particular embodiments, the mass label may be a 
biopolymer comprising monomer units, wherein each monomer unit is separately and 
independently selected from the group consisting essentially of an amino acid, a nucleic acid, 
and a saccharide with amino acids and nucleic acids being preferred monomer units. Because 
each monomer unit may be separately and independently selected, biopolymer mass labels 
may be polynucleic acids, peptides, peptide nucleic acids, oligonucleotides, and so on. 
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[0032] As defined herein "nucleic acids" refer to standard or naturally-occurring 
as well as modified/non-natural nucleic acids, often known as nucleic acid mimics. Thus, the 
term "nucleotides" refers to both naturally-occurring and modified/nonnaturally-occurring 
nucleotides, including nucleoside tri, di, and monophosphates as well as monophosphate 
monomers present within polynucleic acid or oligonucleotide. A nucleotide may also be a 
ribo; 2'-deoxy; 2', 3'-deoxy as well as a vast array of other nucleotide mimics that are well- 
known in the art. Mimics include chain-terminating nucleotides, such as 3'-0-methyl, 
halogenated base or sugar substitutions; alternative sugar structures including nonsugar, alkyl 
ring structures; alternative bases including inosine; deaza-modified; chi, and psi, linker- 
modified; mass label-modified; phosphodiester modifications or replacements including 
phosphorothioate, methylphosphonate, boranophosphate, amide, ester, ether; and a basic or 
complete internucleotide replacements, including cleavage linkages such a photocleavable 
nitrophenyl moieties. These modifications are well known by those of skill in the art and 
based on fundamental principles as described Sanger (1983), incorporated herein by 
reference. 

[0033] Similarly, the term "amino acid" refers to naturally-occurring amino acid 
as well as any modified amino acid that may be synthesized or obtained by methods that are 
well known in the art. 

[0034] In another embodiment, the mass label may be a synthetic polymer, such 
as polyethylene glycol, polyvinyl phenol, polyproplene glycol, polymethyl methacrylate, and 
derivatives thereof. Synthetic polymers may typically contain monomer units selected from 
the group consisting essentially of ethylene glycol, vinyl phenol, propylene glycol, methyl 
methacrylate, and derivatives thereof. More typically the mass label may be a polymer 
containing polyethylene glycol units. 

[0035] The mass label is typically detectable by a method of mass spectrometry. 
While it is envisioned that any known mass spectometry method may be used to detect the 
mass labels of the present invention, methods such as matrix-assisted laser-desorption 
ionization mass spectrometry, direct laser-desorption ionization mass spectrometry (with no 
matrix), electrospray ionization mass spectrometry, secondary neutral mass spectrometry, and 
secondary ion mass spectrometry are preferred. 
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[0036] In certain embodiments the mass label has a molecular weight greater 
than, but not limited to, about 500 Daltons. For some embodiments, it may be preferred to 
have nonvolatile (including involatile) mass labels; however, for other embodiments volatile 
mass labels are also contemplated. 

[0037] The probes of the present invention have advantages not only in multiplex 
capability, but also in sensitivity. According to the calculation shown in the Table 3, a 100- 
nm vesicle can retain 315 mass tag molecules in its inside, 62,800 molecules in its 
membrane, or 6,342,800 molecules in its membrane and inner vesicles. Moreover, these 
vesicles can preferably encapsulate more molecules by encapsulating their solid forms 
(powder, crystal, and other forms known to those skilled in the art) in S/O/W emulsion, 
soluble beads, soluble capsule. When a single detection probe retains more mass tag 
molecules, more sensitive detection can be accomplished. For example, Table 3 (below) 
indicates that a probe containing 6,342,800 mass tag molecules can increase the sensitivity 
10 6 ~10 7 times more than without the probe. 



Diameter of Vesicle 
[nm] 


"mass tag" molecules In a Vesicle [-] 
Encapsulated Uni-lamellar Vesicle Multi-lamellar 


Vesicle (*1) 


(*2) 


Vesicle (*3) 


1 


0.00 


6.28 


634 


10 


0.32 


628 


63,428 


100 


315 


62,800 


6,342,800 


500 


39,381 


1,570,000 


158,570,000 



Table 3. *1: Assuming that 1M "mass tag" molecules are encapsulated in vesicles. *2: Assuming 
that the vesicle membrane consists of 100% "mass tag" molecules and their density in the 
membrane is set as 0.5 nm 2 /molecule (Faraday Discuss, 1998, 111, 79-94). *3: Assuming that the 
vesicle membrane consists of 100% "mass tag" molecules and the vesicle encapsulates 1,000,000 of 
100-times smaller vesicles whose membrane also consists of 100% "mass tag" molecules. 



[0038] In addition, in preferred embodiments reproducible detection can be 
achieved because the number of the mass tag molecules in a single probe can preferably be 
determined by the size of the vesicle, which can be controlled by size exclusion 
chromatography or membrane filtration. The size of these vesicles can be measured by 
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several methods, including but not limited to: size exclusion chromatography, coulter 
counter, light scattering, centrifugation, electron microscopy and atomic force microscopy. 

[0039] These probes can preferably be applied to simultaneously analyze multiple 
samples (different source, different time, different stimulation, sample duplication or others 
known to those skilled in the art) or multiple targets (different genes, proteins, small 
compounds, and other targets known to those skilled in the art). 

[0040] When multiple samples are to be analyzed, detection of these interactions 
in accordance with a preferred embodiment of the present invention can preferably be 
performed by the following steps: label each sample with different probes, mix the labeled 
samples, allow interaction with a target molecule immobilized on a surface, wash and remove 
unbound samples, collect the mass tag molecules from the vesicle, and quantify the mass tag 
molecules. 

[0041] When multiple targets are to be analyzed, detection in accordance with a 
preferred embodiment of the present invention can preferably be performed by the following 
steps: combine multiple target-tethered vesicle probes, allow interaction with a sample 
immobilized on a surface, wash and remove unbound probes, collect the mass tag molecules 
from the vesicle, and quantify the mass tag molecules. 

[0042] To collect the mass tag molecules, physical stimulation (including, but not 
limited to heat, centrifugation, laser irradiation, sonication, electricity, and other methods 
known to those skilled in the art) and/or chemical stimulation (including, but not limited to 
addition of organic solvent, detergent, acid, alkaline, chaotropic reagents, change of buffer / 
salt concentration, pH, osmotic pressure, and other methods known to those skilled in the art) 
can preferably be used to disrupt the vesicles and collect the mass tag molecules for the 
following analysis. Also, to analyze the "mass tag" molecules, mass spectrometry, 
electrophoresis or chromatography can preferably by use to identify the molecular weight (or 
mobility) of each mass tag. In preferred embodiments, the concentration of mass tag 
molecules can be simultaneously quantified. Also, these vesicle probes may preferably carry 
other compound tags such as raman-active compounds, fluorescent dyes and luminescent 
dyes 
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Examples 

Hybridization Assay 

[0043] The above encapsulated, uni-lamellar, and multi-lamellar vesicle probes 
were tested using a hybridization assay. 

[0044] 01igo(dA) 2 o and oligo(dT)2o-tethered vesicles were prepared. The 
encapsulated and uni-lamellar vesicles were prepared in the following steps: 20 umol of 1,2- 
dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 20 umol of cholesterol, 2 umol of 1,2- 
dipalmitoyl-sn-glycero-3-[phosphor-rac-(l-glycerol)] (DPPG) and 1 umol of 1,2-dipalmitoyl- 
sn -glycero-3-phosphoethanolamine-N-(glutaryl) (glutaryl-DPPE) were dried off in 
chloroform under a vacuum. The dried lipids were swelled in 1 ml of 50 raM Tris-HCl, pH 
7.4, 500 mM NaCl and 100 mM sulforhodamine B (SRB) at 45 °C for 1 hour. The vesicles 
were prepared by filtering the mixture thirty times with a 2.0-um-pore membrane and thirty 
times with a 0.2-um-pore membrane. The vesicles were purified from unincorporated SRB 
by G-25 column. 

[0045] The multi-lamellar vesicle was prepared in several steps. For the "inside 
liposome," 10 umol of l,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 10 umol of 
cholesterol and 1.5 umol of 1,2 -dipalmitoyl-sn-glycero-3-[phosphor-rac-(l-glycerol)] 
(DPPG) were dried off in chloroform under a vacuum. The dried lipids were swelled in 0.5 
ml of 50 mM Tris-HCl, pH 7.4, 500 mM NaCl at 45°C for 1 hour. The "small vesicles" were 
prepared by sonication for 30 minutes at 45°C. The liposome encapsulated inside of the 
liposome was prepared by drying off 10 umol of l,2-dipalmitoyl-sn-glycero-3- 
phosphocholine (DPPC), 10 umol of cholesterol, 1 umol of l,2-dipalmitoyl-sn-glycero-3- 
[phosphor-rac-(l -glycerol)] (DPPG) and 0.5 umol of 1,2-dipalmitoyl-sn -glycero-3- 
phosphoethanolamine-N-(glutaryl) (glutaryl-DPPE) in chloroform under a vacuum. The 
dried lipids were swelled in 0.5 ml of the "inside liposome" solution (described above) at 
45°C for 1 hour. The mixture was filtered 30 times with a 2.0-um-pore membrane and 30 
times with a 0.2-um-pore membrane. 

[0046] Immobilization of oligonucleotide onto the vesicles was performed in the 
following steps: 1 nmol oligo(dA) 2 o or oligo(dT) 2 o was activated with thiol modification at its 
5' end by incubation in 10 mM DTT for 15 min at 45 °C. The activated oligonucleotide was 
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purified by G-25 column. The oligonucleotide was mixed with 50 ul vesicle solution at room 
temperature overnight. 

[0047] The mass tag of the encapsulated vesicle is sulforhodamine B (SRB) 
encapsulated in the vesicles, and that of the uni- and multi-lamellar vesicle was 1,2- 
dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) that accounts for approximately 50% of 
the membrane components. The vesicles in the hybridization buffer (10 mM Tris, pH 7.4, 
500 mM NaCl) were incubated in an oligo(dT) 2 o-immobilized microplate (RNAture, CA) for 
1 hour at room temperature. After three washes with the hybridization buffer, the hybridized 
vesicles on the well surfaces were disrupted by addition of 100% methanol. The mass tag 
molecules were collected into methanol and were analyzed by ESI-TOF mass spectrometry 
(Waters, MA), and quantified by the mass intensities of the corresponding mass peaks. As 
shown in Figure 2, The results indicated that the vesicles with complemented oligo(dA) 2 o 
were captured specifically in the oligo(dT)2o microplate in comparison with those with non- 
complemented oligo(dT)2o or without oligonucleotide. In Figure 2, "Oligo(dA)" and 
"oligo(dT)" are the oligo(dA)2o- and oligo(dT)2o-tethered vesicles captured by the oligo(dT)2o 
-immobilized microplate, respectively. "W/o oligo" is the vesicle without oligonucleotide 
captured by the oligo(dT)2o microplate, and "blank" is 100% methanol. In the encapsulated 
vesicle, the "mass tag" is sulforhodamine B and quantified by the mass peak at m/z=5 80.60. 
In the uni- and multi-lamellar vesicles, "mass tag" is DPPC and quantified by the mass peak 
atm/z=756.05. 

Multiplex Microarray Assay 

[0048] The messenger RNA or their transcribed cDNA (gene A, B, C, etc.) from 
Sample PI, P2, P3, etc. of Figure 3 are labeled with the mass tag probes (pi, p2, p3, etc., 
which correspond to PI, P2, P3, etc., respectively) to identify their respective sample sources. 
Labeling is acomplished by several methods such as chemical reaction with active residues 
on the probe, incorporation of the dNTP attached with the probes and cDNA synthesis using 
the oligo(dT) or specific sequence primer tethered on the probes. These labeled genes are 
combined together and applied to a surface with multiple spots where specific sequence 
polynucleotides (gene a, b, c, etc., which are complement with gene A, B, C, etc., 
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respectively) are immobilized. After hybridization and several washes, each gene spot 
captures its respective complement gene from multiple samples. Laser irradiation onto each 
spot disrupts the probes on the spot and ionizes the mass tag molecules for mass spectrometry 
(MALDI, etc.). Alternatively, addition of organic solvent disrupts the probes and collects the 
mass tag molecules for mass spectrometry (ESI, etc.) or other analytical methods. The mass 
peaks of the mass tag molecules obtained from each gene spot simultaneously give the 
amounts of its complement gene expressed in different samples. 

Multiplex Immunoassay 

[0049] Antibodies (A, B, C, etc.) from sample PI, P2, P3, etc. of Figure 4 are 
labeled with the mass tag probes (pi, p2, p3, etc., which corresponds to PI, P2, P3, etc., 
respectively). The labeled antibodies are combined together and applied to a microplate 
where each well has a different antigen (a, b, c, etc., which specifically bind to Antibody A, 
B, C, etc., respectively). After incubation and several washes, each well captures its 
respective antibody from multiple samples. Laser irradiation onto each well disrupts the 
probes on the spot and ionizes the mass tag molecules for mass spectrometry (MALDI, etc.) 
or addition of organic solvent disrupts the probes and collects the mass tag molecules for 
mass spectrometry (ESI, etc.). The mass peaks of the mass tag molecules obtained from each 
well simultaneously give the amounts of the corresponding antibody expressed in different 
samples. 

Multiplex Hybridization Assay 

[0050] Multiple hybridization probes (Probe PI, P2, P3, etc.) tethered with their 
corresponding sequence-specific oligonucleotides (Oligo A, B, C, etc., which are 
complement to target genes, Gene a, b, c, etc., respectively) are prepared, as illustrated in 
Figure 4. These probes are combined together and applied to a sample DNA or RNA 
immobilized on a solid surface by hybridization (mRNA captured by oligo(dT)-coated 
surface, etc.), physical adsorption (DNA/RNA captured on a glass-fiber surface, etc.), 
synthesis (DNA/RNA synthesis by polymerase or chemical reaction, etc.) or other methods 
known to those skilled in the art. After hybridization and several washes, only the probes 
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corresponding to the genes expressed in the sample are captured on the surface. Therefore, 
analyzing the concentrations of the mass tag molecules on the surface simultaneously gives 
the multiple gene profiles in the sample DNA/RNA. 

Multiplex CpG Methylation Assay 

[0051] Multiple oligonucleotide-tethered probes are prepared to hybridize against 
specific sequences of their corresponding CpG methylation sites on genomic DNA. These 
probes are combined together and applied to fragmented sample DNA captured on a surface 
coated with CpG-methyl-specific antibody or chemical residue. After incubation and several 
washes, only the probes corresponding to the CpG methyls expressed in the sample are 
captured on the surface. Therefore, analyzing the concentrations of the "mass tag" molecules 
on the surface gives the expression profiles of multiple CpG methylation sites in the sample 
simultaneously. 

Capillary Assay 

[0052] As illustrated in Figure 6, biological samples (DNA, RNA, protein, small 
compound, etc.) labeled with the probes or target-specific probes (hybridization probe, 
antibody probe, etc.) are prepared, combined and applied to a capillary. On the inside wall of 
the capillary, specific target molecules or samples (DNA, RNA, protein, small compound, 
etc.) are immobilized. After incubation and several washes, specifically bound molecules are 
captured on the inside wall of the capillary by intermolecular interaction such as 
hybridization, protein-protein interaction or antigen-antibody interaction. Limited amount of 
organic solvent disrupts the probe on the wall and collects the "mass tag" molecules in the 
limited volume when it passes through the capillary, therefore the collected "mass tag" 
molecules are analyzed at higher concentration. 
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